Heart failure is one of the leading causes of death worldwide [1] [2] [3] [4] . Current therapeutic strategies are inefficient and cannot cure this chronic and debilitating condition [5] . Ultimately, heart transplants are required for patient survival, but donor organs are scarce in availability and only prolong the life-span of patients for a limited time. Fibrosis is one of the main pathological features of heart failure [6, 7] , caused by inappropriate stimulation of fibroblasts and excessive extracellular matrix production. Therefore, an in-depth understanding of the cardiac fibroblast is essential to underpin effective therapeutic treatments for heart failure [5] . Fibroblasts in general have been an underappreciated cell type, regarded as relatively inert and providing only basic functionality; they are usually referred to as the 'biological glue' of all tissues in the body. However, more recent literature suggests that they actively participate in organ homeostasis and disease [7, 8] .
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We have recently uncovered a unique molecular identity for fibroblasts isolated from the heart [9] , expressing a set of cardiogenic transcription factors that have been previously associated with cardiomyocyte ontogenesis. This signature suggests that cardiac fibroblasts may be ideal for use in stem cell replacement therapies, as they may retain the memory of where they derive from embryologically. Our data also revealed that about 90% of fibroblasts from both tail and heart origins share a cell surface signature that has previously been described for mesenchymal stem cells (MSCs), raising the possibility that fibroblasts and MSCs may in fact be the same cell type. Thus, our findings carry profound implications for the field of regenerative medicine. Here, we describe detailed methodology and quality controls related to the gene expression profiling of cardiac fibroblasts, deposited at the Gene Expression Omnibus (GEO) under the accession number GSE50531. We also provide the R code to easily reproduce the data quantification and analysis processes.
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Direct link to deposited data
Deposited data can be found here: http://www.ncbi.nlm.nih.gov/ geo/query/acc.cgi?acc=GSE50531.
Experimental design, materials and methods

Mouse usage
Eight-week old C57Bl/6J (http://jaxmice.jax.org/strain/000664. html) adult male mice were obtained from Monash Animal Services (MAS) facility, Monash University.
Fibroblast isolation and culture
Animals were humanely killed using CO 2 asphyxiation and hearts were perfused with 20 ml of Hank's Balanced Salt Solution without calcium or magnesium (HBSS-Gibco) using a 20 ml syringe and 26 gauge 
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Genomics Data j o u r n a l h o m e p a g e : h t t p : / / w w w . j o u r n a l s . e l s e v i e r . c o m / g e n o m i c s -d a t a / needles. For perfusion, the needle was inserted into the left ventricular chamber, while the right atrial appendage was cut open to allow blood/buffer exit through the pulmonary circulation. This procedure removed excess blood from heart chambers. Prior to cell isolation, two wild-type mouse hearts per sample were finely minced using surgical scissors. Whole tails from the same animals were skinned and cut into 2-3 mm pieces. Both tissues were subjected to enzymatic digestion with 0.05% trypsin/EDTA (Gibco) at 37°C under agitation for 40 min, washed in HBSS, cleared using 40 μm cell strainers for Falcon tubes (BD Biosciences) that retain undigested tissue, spun at 400 g for 5 min, resuspended in cell culture media [DMEM high glucose with glutamax (Gibco), supplemented with 10% foetal bovine serum (FBSGibco), 1× penicillin/streptomycin (Gibco) and 1 × sodium pyruvate (Gibco)] and plated on 10 cm dishes (BD Biosciences). Next morning, plates were washed twice in phosphate buffered saline (PBS) without calcium or magnesium (Gibco) to remove debris. Media changes were performed every couple of days until day 5, after which cells were processed for RNA extraction. Cells were cultured in a humidified incubator with 5% CO 2 at 37°C.
RNA preparation
Cultured fibroblasts from heart and tail were processed for total RNA extraction using the mirVana kit (Ambion) as per manufacturer 's instructions. Briefly, 10 cm dishes containing heart or tail fibroblasts were washed twice in PBS (Gibco) and 500 μl of RNA lysis solution was added to dishes. Cell scrapers (BD Biosciences) were used to homogenise cell disruption, after which 1:10 (v/v) of miRNA homogenate additive was added. Samples were subjected to organic extraction using acid phenol:chloroform and 1.25 volume of ethanol was added to aqueous phases, which were passed through a filter cartridge, washed in kit wash solutions 1 and 2 and eluted in 50 μl of pre-heated (95°C) elution solution. Following manufacturer's recommendations for total RNA recovery, we have not enriched samples for small RNAs. All samples were DNAse digested using DNAseI from the DNA-free kit (Ambion) for 20 min at 37°C, after which 1:10 (v/v) DNAse inactivation reagent was added, mixed for 2 min at room temperature and spun down at maximum speed for 90 s in an Eppendorf centrifuge to pellet inactivation beads. Samples were transferred into clean tubes and further processed at the Medical Genomics Facility.
Microarray study design
Three replicate samples were profiled per condition (i.e. heart or tail fibroblasts).
RNA labelling and hybridization
Total RNA from 6 samples (3 tail and 3 heart replicas) was used for microarray analysis. All samples showed RNA integrity numbers (RINs) ranging between 9-10, as determined by the 2100 Bioanalyser (Agilent) (Fig. 1) . 0.1 μg of total RNA was used to prepare Cyanine-3 (Cy3) labelled cRNA for hybridization. For labelling, the One-Color Low input Quick Amp labelling Kit (Agilent) was used according to the manufacturer's instructions, after which labelled RNA was cleaned using by RNeasy column purification (Qiagen). Dye incorporation and cRNA yield were determined with the NanoDrop ND-1000 Spectrophotometer.
For chip hybridization, 600 ng of Cy3 labelled cRNAs were fragmented at 60°C for 30 min in a reaction volume of 25 μl containing 1× Agilent Fragmentation buffer and 2 × Agilent Gene Expression Blocking agent. Specific activities ranging between 16-18 pmol Cy3/μg cRNA were used for each sample. On completion, 25 μl of 2 × HI-RPM Gene Expression buffer (Agilent) was added. 40 μl of samples were hybridised on SurePrint G3 Mouse GE 8 × 60 K microarrays (Agilent) for 17 h at 65°C in a rotating hybridisation oven (Agilent). Following hybridisation, microarrays were washed with GE wash buffer 1 (Agilent) for 1 min at room temperature and with GE wash buffer 2 at 37°C for 1 min. Microarrays were scanned with an Agilent C, DNA microarray scanner at 3 μm resolution (scan area 61 × 21.6 mm), dye channel set to green, 20 bit tiff. The scanned images were analysed with Agilent Feature Extraction Software 11.0.1.1 to obtain background subtracted and spatially detrended Processed Signal intensities.
Data normalisation and analysis
Samples were processed by the Monash Health Translation Precinct (MHTP) Medical Genomics Facility, and run on Agilent SurePrint G3 mouse gene expression arrays (single colour), followed by analysis with GeneSpring 12.6, using quantile normalisation with no baseline transformation, logbase 2. Unpaired T test (p b = 0.05, logFC N = 2.0) with Benjamini-Hochberg correction was used to find differentially
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Average duplicates Quantile normalisation Gene Expression Gene Expression (log-2) Gene Expression (log-2) expressed genes. These results have been reported in the original article [9] . For the purpose of improved accessibility, a similar analysis was performed here using an open-source pipeline with R and Bioconductor. The raw single-channel signals were extracted with Agilent Feature Extraction Software 11.0.1.1. Non-uniform, saturated probes, and population outliers were filtered using the default "Compromised" option in GeneSpring GX12.6 (Agilent), with threshold raw signal of 1.0. At the end of this process, 6 text files (.txt) were exported for the data normalisation stage. This analysis has been deposited in GEO under the accession number (to be allocated by GEO) and is linked to the original samples GSM1220786-91 under accession number GSE50531.
Data normalisation was performed with R (http://www.r-project.org) using the publicly available Bioconductor packages (bioconductor.org) [10] . Three pre-processing and normalisation steps were performed: (1) use read.maimage function to extract the gProcesedSignal values from the GeneSpring exported data files (Fig. 2A) ; (2) use avereps.EList function to average the duplicate spots and log-2 transformation (Fig. 2B) ; and (3) use normalizeBetweenArrays function to perform quantile normalisation on all arrays (Fig. 2C) .
Differential analysis between cardiac fibroblast and tail fibroblast samples was performed using the Bioconductor limma package [11] , which applies linear models and differential expression functions to the transcriptomic data. With 6 normalised arrays having identical distributions (Fig. 2C) , the lmFit function identifies the genes that have differential expression between 3 cardiac fibroblast samples and 3 tail fibroblast samples. At a p-value threshold of 0.05, we identified a pool of 3924 differentially expressed entities (Fig. 2D) . These entities were used for fold-change calculation (Fig. 2E) , revealing 94 strongly upregulated entities (16×) and 56 strongly down-regulated entities (− 16 ×). Tables 1.1 and 1.2 detailed the gene symbols corresponding to the strongly up-and down-regulated entities, which revealed many cardiogenic genes, including Tcf21, Tbx20 and Gata4. The R code to reproduce this analysis is available in GEO.
Discussion
Our goal for the current experiment was to identify cardiac fibroblastspecific genes [1] [2] [3] [4] [5] [6] [7] [8] . For this purpose, isolated cells were cultured for 5 days in order to remove carry-over of debris and DNA/RNA from dead cardiomyocytes present in fresh preparations. Contamination with cardiomyocyte structural markers has been reported in previous analyses [12] , as the cell isolation method for compact tissue requires harsh enzymatic dissociation conditions, which causes extensive cardiomyocyte death. We found that a 5-day passage 0 culture produces nonconfluent, highly healthy cells where no statistically significant contamination with cardiomyocyte genes can be detected. Upon visualisation of the raw data ( Fig. 2A) , we noticed that sample Tail2 showed higher overall signal intensity than others. As all samples were processed simultaneously and showed similar RIN scores (Fig. 1) , we believe this finding is a technical problem inherent to the hybridization step or chip composition. Nevertheless, this discrepancy did not impair our analysis.
As with many microarray datasets, data noise is an important issue. We performed differential analysis using the robust lmFit method, which is widely regarded as noise-tolerant in the bioinformatics community. The high-confidence entities evaluated by log fold-change and p-value (such as the cardiogenic genes Tcf21 and Tbx20) were subsequently validated using qPCR validation to confirm their biological relevance, as described by our main research article [9] . The microarray analysis pipeline described here made use of both the proprietary GeneSpring GX12.6 software and open source R packages. In addition to our original analysis [9] , we have provided a second open-source analysis to facilitate the reproducibility of our study. Due to differences between methods (algorithms) provided by limma and GeneSpring, and the closed-nature of the Genespring software, there are discrepancies between the final fold-change calculations between the two analyses. However, although the exact values differed for entities found up-and down-regulated in the open source analysis, our genes of interest were similarly differentially regulated in both analyses.
A range of bona fide haematopoietic genes were up-regulated in heart samples, for example Ccl19, Cd28, Mpeg1, Plac8 and Cx3cr1, while other haematopoietic markers, such as Cd45, Cd31 and Cd34 were not significantly altered. Most of these genes have not been correlated with fibroblast biology yet, although expression of Cx3cr1 has been previously reported in cardiac fibroblasts [13] . We have also not detected significant levels of CD31, CD34 or CD45 protein in our samples [9] , supporting the argument that if present, haematopoietic cells are not a major contaminant in our cultures. However, leukocyte contamination in our cultures cannot be ruled out at this point. As our laboratory has previously characterised a population of resident macrophages in the heart [12] , follow-up experiments using sorted CD90 + , CD45 + ,
CD31
− cells would clarify this issue.
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